.SHUTTLE CRITICAL IT=MS LIST =- QREBITER

.S'ISTIH :AFT — REACTION CONTROL FMEA NO €3=2A =-201030-2 REV:12/01/27

ASSEMELY :PRESSURIZATION _ CRIT. FUNC: L=
B/ RI tMClE4=0418-0011, =001z CRIT, EDW: Z
P/H VENDQR:74339000=011, =Q1l2 - VEETCLE ) o2 103 1d4
QUANTITY :8 " EFrraeTIVITY: X £ X
tTWO PARALLFI., SERIES FRASE(S): FL IocXcoXDo X Ls

1 REDUNDANT UNITS PER TANK

REDUNDANCY SCPREENT A~PASS B=PASS (CO=-TAIL

REGULATCR, PRESS, HE SERIES REDUNDANT. SET AT MHEQUAL QUTLEZT PRESSURSES
(FR 201/202/203/204 301/302,/303/304).

FUNETION:
TO REGULATE STORED HELIUM PRESSUFE FROM 4000 PSIC MAY M0 UITscr POESSITS
OF 248 {+ QR = 4) P3IG FCR PURPOSE OF FROPELLANT FEED TS THRUSTERZS. TWC
PARALTEL PATES WITH THO SERIES REGS ARE PROVICED FOR BACH FROPELI AN

TANK. PRIMARY ELEMENT SET 11 PST LOWER THAN SECONDARY. (FRIMARY=24S
BET, SECOMDARY-25s PSI) '

URE KODE: -
CLOSED, RESTRICTED FLOW

CAUSE{S):

CORROSION, TROZEN MOISTURE, CONTAMINATION, VIERATICN, DILOT OR MATN STics
POPTET SPRING FAILURE, GALLING OF PISTON/STEM, PLOGGED RESTRICTOR
ORIFICES, CONTAMINATED INLET/PTLCT FILTER, CHECK VALVE FATLTURE,
FROFELLANT DECOMPOSITION/CONTAMTNATICN. '

EPFECT(S) ON:
(A}SUBSYSTEM (B)INTERFACES (C)MISSION (D)CREW/VEMICLE

(A) LoSS OF REDUNDANCY (ONE OF 2 FLOW FATHS). CONTAMINATION MAY CAUSE
DUAL REG FAILURE AT THE SAME TIME. .

{8) ¥O EFFECT
(t]”lm EFFECT
{nf WO EFFECT

(E} FUMCTIONAL CRITICALITY EFFECT - CONTAMINATTION MAY CAUST DUAL REG
FAILURE WHICH MAY BESULT IN INARILITY TO UTILIZE RS PROPELLANT DURING
ENTRY IF ULLACE IS INSUFFICIENT. FATILED CLOSED FARALIFI FLOW PATHS MAY
RESULT IN VEHICLE L9SS. POSSIBLE CREW/VEHICLE LOSS DUE TO INABILIT™ TO
UTILIZE RS PROPELLANT QURING ENTRY, POSSIBLE LOS3 OF CONTROL DURING
TED COAST/ET SEP IPF ULLACE IS INSOUFFICIENT OR LOST (CROSSFEED IS A
NTINGENCY FOR ET SEP). CONTAMINATION QAN PLUG BOTH FRIMARY AND

:Igggghﬁf DOWNSTREAM SENSE PORTS WHISE WOULD FAIL BOTH REGULATORS
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DI1SPOSITION & RATIONALE:
(A)DESIGN (B)TEST {C)INSPECTION {D}FAILURE WISTORY (E)CPERATIONAL Use

(A) DESIGN
PARALZE], REGULATCRS ARE FROVICED T0 LIMIT IMFACT OF CLOSE FATIDRES. 23
MICRON INLEIT AND 10 MICRON BILOT FIITERS LIMTT™ CONTAMINATTON, {TH= 25
MICRON FILTER DQES NoT FROVIDE PROTESTICN FOR REVERSTE FLOW) . CHECXZ
VALVES LTMIT BOTENTIAL FOR FROPELLANT MISRATION T0 TnF PEGTLATOR. '

MANTUAL ISQLATION VALVES ARE BEING CLOSED AND HELITM SYSTEY BLoWLCwN
PERFORMED TO PROVILOE FoR ADDITIONAY, VAPCR MTIGRATIAN PROTECTICN DORING

GROUND PERIONS. A MAXTMUM OFERATING PRESSURE OF 4000 PSTa
FROVIDES A SAFETY FACTOR CF 1.5 FOR PROOF PRESSURT,

(B) TEST
THEE QUALIFICATION T=sT FROGRAM INCLUDED FROOP T=sT (6000 FST) AND BT=cT
TEST (2000 PSI), LIFE CveLrs (100,000 CYCLES-PILAT STAGT AND 54,000 '
CYCIEE MATH STAGE}, TEERMAL CYCLING (=30 TQ +15X DEG F), RANoOM
VIZRATION, FURCTIONAL TESTING, FARALLEL OPERATION AND PREPELIANT EiPrCETE:
(MATERIAL COMPATTIEILITY VERIFIED) .

TEZ RCS WAS ALSGQ QUALTFIED AS FART CF THE FOD ASSFMZLY DURING
VIERO=-ACOUSTIC TEST AT J5C (131 EQUIVALENT MISSIoHS ] AND EOQT=FIRE T=ST
FEQGRAM AT WSTT INCLUUED 24 EQUIVALENT MISSION DUTY CYCIES AND
AFPFROXIMATELY ¥ YEARS FROPELIANT EXFQSURE.

ACCEPTANCE TESTING INCLOTES PFRoOF FRESSURE, CPEIRATING PRESSTRE, 5=T pors
VERIFICATION, FUNCTIONAL, ELOWDGWN (THERMAL) , INTERNAL LEANFAGE,
A SS AND DRYING, AND TESTINE OF THE SENSE RESFPONSE IN FULL o7

EACE FLIGH™ anD TEEREAFTTR ON A CONTINGENCY BASTE. MOISTLEE CRNTENT
VIRIFICATION AFTTR tur FIRST TFLIGHT AND THEREAFTER SN A CONTINGENCY
EAEIE.FLEI SYSTEM SAMPLY ERETGRr TREE TMIRD FLIGHT AND THEREA®TFR EVERY

() IﬁSFE:TIuH

RECEIVING INSPECTION

-INSPECTION VERIFIES MATERIALS AND PHYSICAL EROPERTIES. CERTIFICATION,
X + AND EEAT TREMTMENT ARE VERIFIED BY INSEECTION.

CONTAMINATION CONTROL

CLIANLINESS TO LEVEL 100& IS VERIFIED BY INSFECTION. CORROSION
FROTECTION Is VERIFIED BY INSPECTION.
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ASSEMBLY /INSTALLATION

PISTONS ARE DIMENSIONALLY INSPFICTED AND PISTON ASSEMBLY TS VERIFTTS BY
INSPECTION. TORQUING IS VERIFIZD BY INSDECTION. SURFACT FINISEZS ARZ
VERLIFIZD BY INSPECTION. SURFACE FINISE OF ZOEEEST AND MAIN SDRTNG ART
INSFECTED UNDER 20X MAGNIFICATION.

NONDESTRUCTIVE EVALUATION : : '

PINETRANT INSPECTION OF THE MAIN BELLOWS WELDS AND oF TEE BOUSING
FORGINGS AT TET FORGING LIVEL IS VERIFTED BY LISPECTION.

CRITICAL PROCERSES ) Lo ' : E : '

VISUAL INSPECTION OF TEE TUNGSTEN INERT GAS (TIG] WELDS WITEDN THE
PILOT ACTUATCR ASSEMELY AND WITEIN -TEE PILOT POFPET ASSEMBLY ART VTRrs—=-
BY INSPECTION. ADDITIONAL TIG WELD INSFPEGCTIONS INCLUDE THE WELDS TZL®
JOIN TEE TURING, BOTTOM CAFS, PILOT POPEET ASSEMBLY, PILOT ACTUATSR
ASSEMBLY, AND THE MATN BELIOWS TO TET BODY. THE ELECTRON BEAN (EE

WELDS OF TEE PILOT ACTUATOR HELIOWS INTD THT FILOT ACTUATOR ASSIMciy ARZT
VERIFIZD BY INSFECTION. THE FROOF PRESSURT TEST/LIAR TEST SSOVISES
FURTZZR VERIFICATION OF TEE WELD INTEGRITY. HBERT TREAT™VENT oF TE-
DETAIL PARTS, INCLUDING THEE EOUSING FORGING T0 PRAWTN- REQUIREMENTS 15
VERIFIED BY INSPECTION. THE FORGING SUPPLIER CCRTISTEE Team THT EoUsIvz
FORGINGS MEET THE RECUTREMENTS OF MIL=F=7130, AMENDMENT 1, GRALE A.
TESTING OF EACH FORGING LOT FOR CEEMISTRY, AFTED ETATTREATVMI EARDMNIES
AND AFTER HEAT-TREATMENT TENSTLE STRENGTH 1S VERIFITD BY INSREOTTAN.
CADMITUM PLATING OFf AELIFVILLE WASHERS TO DRAWTNG REQUIRTWEYTS IS
VERIFIED BY INSFECTTION,

TESTING _

ATP IS WITNESSEID AND VERIFIED BY INSEECTTON.

HANDL ING /PACKAG NG

RETURNED AND ACCERTED GOODS PLACED IN BONDED ARE:. PACKACING IS VERIFIZD
8Y INSPECTION. - :

(D) FAILLURE WISTCRY
CAR ADO419: .
DORING EELTUM SERVISING OF $TS-51A (QV¥=39]), A MINI=-SLAM EXLITM ACTIVATICN
(750 FPSI) ON LEXG A" PFUEL REGULATOR (PR 103) RESULTED IN SYSTEM
CVLRPRESSURE WEEN TEE UNIT FAILED TO LOCYUE WITHIN TEE ALLOWABLE OMRSD
REQUIRZMENTS, AND RESULTED IN THE BORET DISC OF RELIEF VALVE (RV 302) 10
FUPIURE AT APPROXIMATELY 338 FSIG.

BOTH LEC "A® AND "B" REGULATORS WERE CHECEID PRICR TO LAUNCHE. THE LE:

*BY REGIIATOR (PR 301) FRIMARY AND SECONDARY STAGES CHECEK OUT HOMTHALLY

UNDER LOW FLOW CONDITIONS. LEG A REGULATOR FRIMARY RESPFONSE WAS SLUGSILST

AND THE SECONDARY STACE RESPONSE WAS ATLSC SLOGGISH BUT ACCEPTAELE. THTS

DATA #WAS LIMITED TO ONE SAMPLE PER SEQOND. THE PREFLIGHT PLAN WAiS T0 FLY

A5 IS EUT CLOSE THE KELTUM ISOLATOIN LZG "A" VALVE WHEN COREIT QFERATIONS

WERE ESTAEBLISHED. .

ot - - -
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DURING THE MISSION WHEN BOTH "A" AND #@v HEGULATORS FATIED TG MAINTAIY
TANK FRESSURZ. TEE RARCS FUEL TANK ULLAGE CRESSURE CRIPPER TC 208 FSIA
DURING ET SEPARATION WITH ECTH "a "AND "B EELITUM REGULATORS ON LINE CI=Iir
(QUTLET PRESS. DROFPED TOQ 203 BSIA). TEE TANK ULLAGEZ PRESSURT THIM
INCREASZED PAST SECONDARY REGULATOR LOCKTF (264 PSIG TOC 27% PSIA). T=:
HELIUM ISCLATIGON "A™ VALVE WAS CLOSED (FREFLIGHT PLAN) AND TANE TLLAGE
FRESSURE CROFPED TQ 214 PSTA WiTH PROPELIANT USAGS. THE EZLITM I=SOrATTON
"a" VALVE WAS OFENED TO PREVENT L&SS OF TANR (200 PSIA) QLLAGE. TEE
FRESSURT INCREASED 10 290 PSTA THEN DROPEED AND EELD AT 248 PsIA.

THZ PRARCS TO LARCS CROSSFEED WAS ESTAZLISHED 7O PROVILE BILOWDGWN
CAPASILITZ. A RARCS REGULATOR TEST TO SIMULATE ENTRY DZMAND Was
FERFORMED ON FLIGHT 7 WITH BOTH "A" AND "m= EELITM ISOLATION VALVES o=
AND IN RARCS TC LARCS CROSSTEED. THE TANH FPRESEURE DURZNG TEST WZRD
ACCEPTAELE FOR ENTRY OFERATICN. THE REGULATORS PERFORMANCE WERE
ACCEPTABLE BUT SLUGGISH DURING ENTRY WITS BOTH "AM AND "R" EZLITM
ISCLATION VALVES OPEw.,

CARS ADLE21 AND AD1264:

THZ PRIMARY STAGE CF BOTH REFLACIMENT REGTLATORS FCR PRIOL AND 302 ATSS
EXHIBITED 4 LOW FRESUFRE ORCF DURTNG A EPECTAL HIGCH FLOW DIMAND &oNDIw=oy
TEST INSTITUTED OM AL INSTALLED RIGULATORS. RETEET CF PR3IQ] 3ID NoaT
REFPEAT THE SONDITION BUT PFR3IC1 WAS RIMOVID AND TEZ RESTRTCTOR SINSIN:
PART WAS PARTIALLY CLOGSED.

. ChRS AD9181 (OV102) AND AD1S&5 {QV103):
= TWO CTEER CASZIS OF SIUGGISE REGULATOR REIECNSE HAVE BEEN RZCTARAED ONT o
OV102 AND QNE ON OV103. IN ALL THE ABOVT CA3ES COMPATNDS LITT FROM &
SOAF RESIDUE WAS FOUND IN THE RESTRTCOTOR TURE WEICY REACTED WITH MM= ~v)
FORMED A SOLID RTSIDUE SUFTICIENT TO PABTTALLY CTog THZ TUSE. T=ST Lam==

DEMONSTATED THAT THE SURFACE FINISH ALSO CONTRIZUTED T5 FORMSNG THE Mo
SULID RESTDUE. -

FROM FROPELLANT VAPURS AND BETTER DETERMIWATION OF REGULATOR TRANSIENT

CARS ARS92E8 AND A0492:

OHE UNIT EXEIRITED CORRGSION IN BELLOWS CAVITIES AND PILOT AREA DCRING
POST QUAL INSPECTION. FOURTEEN UTHER. UNITS WERE ALSH IDENTIFIED THAT
COULD HAVE THTS FROBLEM. FIVE WERE RETURNED FOR REWORK ANT OTHER NTNE
RESTRICTED TO GROUND USE. ONE THIT RESCENTLY RETURNED FROM QU103 (RE:
CAR AD1S$%) ALSC SHOWS STGNS oF THIS TYFE OF CORRQSICHN. THE FROCELUDTS
WERE REVISED TU PRECLUCE MOISTURE CONTAMINATION DURTING WELDING AF BILOT
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(E) OPERATIOMAL USE
IF FATTORT GCEERE DURING ON=QRAIT OPEN IS0 VALVE TCO USE OTHER REGUIATCEH.

- CURTING ASCENT m ENTRY BQTH IEU VALVES ARE ALREADY OPFEN SO NO FURTESR
ACTION IS REQUIRED. THE SOFTWARE FOR OI-g8A WILL AUTOMATICALLY CRCSSTIIS
FOR LOW FROFELLANT TANX FPRESSURE DURINGZ ET SEP.

OJRING MOST MISSTON PHASES CROSSFEED P‘I;"S BLOWDOWN CF FAZLZD S¥s7 ] g
BE ACCTPTABLE FOR A NOMIMAL IHTR!’.

,
FZ7
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